I. INTRODUCTION
The multiphoton dissociation of very simple molecular ions (such as H2+ and D2+) using intense radiation fields is being actively investigated [1 -12] . New effects and mechanisms are being predicted and observed, such as abovethreshold dissociation (ATD), bond softening (HS), vibrational trapping (VT), etc. , and an appropriate theoretical framework is being developed to understand these new phenomena. It is well known that lasers operating above their thresholds are described by a superposition of occupation number states or Fock states; that is, they are not in a pure photon number state. The greater the average occupation number, the closer is the approach to the one in terms of a classical electromagnetic field. Thus, phenomena involving photon absorption and stimulated emission have been described by a semiclassical time dependent Hamiltonian with a uniform classical electric field in the dipole approximation. This representation combined with an expansion in molecular states leads to a time independent description of photodissociation in terms of Floquet blocks [13] .It has the advantage of providing simple and intuitive explanations of those phenomena, and leads to close-coupling (CC) equations easily solvable. Several methods for solving such CC equations can be found in the literature [13, 4, 5, 14] . Wavepacket propagation methods [3, 6] have also been applied to the study of molecular photodissociation, and a collisional time correlation function approach to the interaction of photons with polyatomic systems has been proposed for general laser sources [15] .
Theoretical treatments in this area have largely used the number representation although some recent studies have introduced the coherent-state representation [16] . This representation was considered some time ago [17, 18] for weak fields. Very recently [9] ,we have also employed the coherent representation for treating this photodissociation dynamics. It was shown that the statistical distribution of both the amplitude and the phase of the field modes plays a very important role in the total photodissociation probabilities [9] . Our aim in this paper is to extend our treatment to the study of other observables (such as absorption cross sections, resonance widths and shapes, and final kinetic-energy distributions) and to see how Poisson averages arising in the coherent representation [19, 20] modify them when going from weak-field to very strong-field regimes. Only a single mode of the field has been considered in order to simplify the discussion; this approach is also suitable when the modes of the field are independent.
Our starting point is the theory developed in Ref. [5] .It is a generalization of the artificial channel method [21] for the calculation of direct photodissociation cross sections at weak-field regimes. For radiative lifetimes of field-induced resonances shorter than pulse lengths, the total photodissociation probability for a transition from an initial boundelectronic state to a continuum electronic state is expressed in terms of the corresponding transition matrix element [22] .
This element is usually given in the number representation and we obtain it from the CC equations in the semiclassical limit. The next step is to pass to a mixed representation of this element, that is, the final state of the field is described in the number representation and the initial state of the field in the coherent representation. The Poisson averages of the observables come from the average over the initial phase of the field. This approach can be supported by the following arguments. From an experimental point of view, intense 100 ps or 160 fs laser pulses [2] have been used in the domain of optical frequencies. For these conditions, the dynamics proceed in the presence of radiation since dissociation times are found to be shorter than pulse durations for the systems studied here. In other words, experiments are carried out under continuous wave field conditions. Moreover, in the optical domain, phase measurements are difficult [20] (10) We substitute it in Eq. (7), after premultiplying first by (ml and then by (g l and (dl, to get the following close-coupling (CC) equations: is a Poisson distribution of field intensities and is interpretable as the probability of finding n photons in a coherentstate ln). The matter-field interaction will be considered within the dipole approximation.
In practice, as will be shown later, the radiation-field gauge will be employed in our calculations. Both absorption and stimulated and spontaneous emission appear in Eqs. (11) and (12) because a quantized radiation field is employed in this representation. However, as is very well known, the nature of both emissions is different. In our calculations we will be using a classical electric field and therefore will not be describing spontaneous emission, which appears only after quantizing the electromagnetic field. For our purposes, this is not a problem because we are treating photodissociation in strong fields (nearly monochromatic with small fluctuations) and spontaneous emission is negligible.
We must solve the CC equations with the proper boundary conditions, to obtain bound vibrational states lgv) in the ground electronic state and scattering states ldll) in the dissociative state. The equations can describe multiphoton processes because from their solution we can calculate the matrix elements of the transition operator, (d, e, nfl Tl g v n'), where nf and n; denote the final and initial number of photons of the field, via the collisional 5 matrix. The structure of these CC equations is very typical and can be seen as formed by blocks (Floquet blocks) [13] of dressed electronic states corresponding to different photon occupation numbers, each block containing two dressed states (for n and n+ 1 photons). When only the resonant transition block is considered (a set of two CC equations), it leads to the rotating wave approximation (RWA). Obviously, the number of Floquet blocks (or CC equations) to be solved increases dramatically with the intensity of the laser. For these cases, an isolated resonance approximation (IRA) is no longer applicable and instead absorption cross sections or photodissociation probabilities (or branching ratios) must be calculated.
Coherent-state representation
Lasers operating above their thresholds are described by a superposition of Fock states, that is, they are not in a pure photon-number state. For these cases, the statistical distribution of both the amplitude and the phase of the field can play a very important role in the final results. To study their roles, it is advantageous to begin with the coherent-state representation of the field. Again, since the modes of the field are independent only a single mode will be under discussion. Two different approaches can be envisaged at this level. The first one was derived in Ref. [18] within the RWA; the CC equations were given in terms of the field variables after the quantum-mechanical operators a and a" were replaced by c numbers. They furnished simple analytical expressions for the transition probabilities. This approach however seems cumbersome for strong fields. Our recent approach [9] is based on a change of representation. We can maintain all the advantages of a description in a number representation and, after passing to the coherent representation, a more direct comparison with the experimental results can be done. Thus, the transition matrix elements can be written using completeness of the number states as, or as &d e mlTlg. v.~)=X (d e mlTlg U. n)(n~). (16) n=0 since, in some cases, it can be useful to get a mixed representation; that is, to represent the initial state of the field by the coherent representation and the final state of the field by the number representation.
H=H +IL 8'()cos(cut+ P), (17) so that H is periodic in t. We develop the total wave function in a Fourier series %(q, R, t) =e ' ""g 4"(q, R)e'""' (18) with 4 "(q,R) = P (q;R)y, , "(R)+P"(q;R)g","(R), (19) where the P(q;R) functions represent the electronic wave functions for the two electronic states depending on electronic coordinates (q) and the y(R) functions are the nuclear wave functions with a subindex n noting the dependence on the field states. Then, by substitution of Eqs. (17) - (19) and after integration over t, premultiplication first by P*(q;R) and next by P"*(q;R) and again integration over the electronic coordinates, we get the following semiclassical
These SC equations have a very similar structure to the CC equations, Eqs. (11) and (12); the two sets agree for m~) 1. [21] .Moreover, to a very good approximation, the transition matrix elements in Eqs. (15) or (16) can be replaced by the corresponding semiclassical ones.
B. Strong-field regime: Transition probabilities and kinetic-energy distribution
For dissociation times shorter than pulse lengths, we can obtain the total photodissociation probability for a transition from an initial bound-state Ig, v, n;) to a continuum state Id, e, n/) as [5] (28) where we have used the completeness of the i In, )) set. This quantity Pd".',~( co,I) is the one to be compared to experimental results with incoherent light generated with very short pulses (for example, in the experiments with intense laser fields used in Ref. [2] x'd".',~~( a; cu, I) = g I(n; n;) I (e -F, -n, fire). nf has been included since usually the number of photons remaining in the field is not known. This quantity is the one to be compared with the experimental kinetic-energy distributions. Depending on the intensity of the field, the number of IK) states contributing to the sum over IC will increase dramatically and therefore this distribution will display a strong interference structure. Another interesting aspect of this equation comes from the sum over nf and average over n; . An interference structure is obtained for each of their values and is different for each An.
All of these general results can be better understood in the weak-field regime which is the subject of Sec. II C. = (e E-, -n;fi co) l dnf, g Un, .
(38) and considering the first order in the perturbation series of the T operator, T= U, we can directly obtain the width of the quasibound state (g, v) for this photodissociation process.
Thus, by including the sum over nf and average over n; and after integration over the initial phase, we get the incoherent width for this level, I'", ",Ez F,"=F. , +n, fico + As, "(where 6 is the energy shift of the level), r~V , and observing that the sum over K is reduced to only one term, In these conditions, Eq. (31) can be rewritten as r"'";,~(~,/)= g r'"'"" ""(~, /)l(n, l~;)I',
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The 6 function is a reminder that the coherent width is cal- 
and a similar expression follows for the absorption line shape cesses (kinetic energies of the fragments are negative) and therefore they must not contribute to the power law of the intensity.
When a coherent representation of the field is used, the corresponding expressions are written in terms of the field magnitude~n ;~. Since the value of the cavity volume is needed in Eq. (29), and this value is not usually known, we obtain it by fitting a theoretical result to an experimental one.
This was done in Ref. [9] and a magnitude of~n ;~= 9.0 for k=329.7 nm and I=2.45X10' W/cm was calculated (a cavity volume of 633 A was obtained in this way). In these conditions, experimental observation and SC calculations show that the photodissociation dynamics proceeds mainly via the absorption of two photons (ATD mechanism). With this volume, we can calculate what~n ;~c orresponds to each intensity. At a given intensity, the same~n ;~w ill be used in the calculations for different k. We have listed in Table I Table I , we see that the magnitudẽ n;~c hanges by several orders of magnitude when we pass from one field regime to another. At incoherent WF (for this system, below 10' W/cm ) and 5 n = 1, the factor 2 (1 -e~'~) appearing in Eqs. (36), (37), and (40) is very small, meaning that when one averages over initial phases, the elimination of constructive phase interference leads to a very inefficient absorption process. If we move to the IF regime (between 10' and 10' W/cm ), that factor is responsible for a strong attenuation of the different observables (widths, absorption line shapes, and resonance profiles). For example, at l=1.89X10' W/cm, the values of these observables are one half of their coherent values. Physically, this means that using incoherent light the maximum of absorption decreases dramatically but the lifetimes of resonances (inversely proportional to widths) increase. This behavior is illustrated in Fig. 1 where we display coherent As has been previously mentioned, in an IF regime, offenergy-shell contributions lead to nonlinear behavior of the dissociation rates as a function of intensity. From a numerical point of view, SC calculations involving one Floquet block have to be performed avoiding the use of perturbative expressions. For this goal, we have used a procedure based on a generalization of the artificial channel method. In particular, two artificial channels are introduced. The first one, a continuum channel, is added in order to transform the halfcollision problem into a full collision one. The second one, a bound channel, plays the role of the true initial unperturbed molecular state, weakly coupled to the total molecular-field several continuum states are energetically accessible and each coherent probability is much less than 1. We have shown in a recent paper [9] that the SC probabilities may then differ enormously from phase-averaged or incoherent probabilities.
Experimentally, multiphoton fragmentation has been carried out by using intense 532 nm, 100 ps laser pulses. With a peak intensity below 50 TW/cm, the measured dissociation fraction is less than 0 2. [10] and, in the second one [11] ,a new interpretation of the BS mechanism has also been proposed as an alternative to that given originally [2] .In both cases, peak intensities of the pulses must be very ig h h 10"&1~10"W/cm . In our experience, the RWA and IRA are not strictly applicable at these intensities even at wavelengths of about 120 nm, where the maximum of absorption is found [5] . Fig. 2(a) ] and a converged calculation with five Floquet blocks [ Fig. 2(b) In Ref. [5] we showed that for the lowest vibrational level (v=0,j= 1), the corresponding profile was Lorentzian because the interference coming from the other vibrational levels and the other Floquet blocks was not important enough to noticeably disturb it (this is also in accordance with Ref. [16] ).The higher vibrational levels produced Fano-type profiles, but important modifications of their line shapes and locations were observed leading to a complicated peak and dip pattern which cannot be easily correlated with the set of vibrational levels. Due to their strong coupling with light, they appeared to be nearly equally spaced; the anharmonicity was washed out by the field. Similar results are observed for Hz+ and its isotope D2 in the present converged calculations. In addition, here we are adding in accordance with Eq.
(31), over weighted initial states and over final states, so that the patterns of final distributions have added complexity. Therefore, instead of analyzing widths of isolated fieldinduced resonances, we have found it is more appropriate to focus on global properties (for example, cross sections or branching ratios as in Ref. [11] ).We find that these arguments remain valid after accounting for incoherence effects. 
